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SUMMARY 
A study, extending over a la-year period, has been made of 
the effect of inbreeding in the White Leghorn breed of domestic 
fowl. The major object of this investigation was to study the 
effect of various intensities of inbreeding on the following 
characters: Fertility, hatchability, viability, days to first egg, 
egg production, egg size and body size. 
In the present investigation the degree of inbreeding was, in 
general, less intense than that from brother and sister or 
parent and offspring matings. One intensely inbred family, 
however, with the equivalent of brother and sister mating, was 
maintained successfully for nine generations. Six more or less 
distinct families, each with a somewhat different type and in-
tensity of inbreeding but with a similar foundation ancestry, 
were developed. 
All individuals were selected primarily on the basis of high 
hatchability of their eggs, upon general vigor of the individual 
bird and of the offspring of each pair of birds. Other charac-
ters besides vigor and hatchability also were considered when-
ever practical. 
The ancestry of all the birds in the present generation of 
these 6 families may be traced to four males and seven females. 
One of the four original males (No. 823), however, has a greater 
degree o£ relationship to the present generation than any of the 
other foundation birds. This relationship still averages ap-
proximately 55 percent, with the lowest degree of relationship 
being 29 percent and the highest 61 percent. The relationship 
of the present generation to the other three foundation males 
does not exceed 5 percent. 
The relationship between brothers and sisters in the present 
generation chicks of the separate families ranges from 74 to 94 
percent. The average inter-se relationship between the present 
chicks which are not sibs is above 50 percent. 
The inbreeding coefficients of the present birds range from 
41 percent for the least inbred to 82 percent for the most in-
tensely inbred family. 
There was no general decrease in percent of eggs fertile as 
the degree of inbreeding increased ; in fact some inbred families 
have shown an increase in percent of eggs fertile. 
There was a slow but gradual decline in the average percent 
hatchability of fertile eggs set for all inbreds as the inbreeding 
increased. The average hatchability for all inbreds, however, 
was in most cases well above 60 percent. In six of the families 
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studied there was no general decrease in hatchability, which 
demonstrates that it is possible to maintain a reasonably safe 
level of hatchability under a system of intense inbreeding. 
There was a significant decrease in the number of days to 
first egg. The most intensely inbred birds on the average 
matured sexually 16 days earlier than the birds of the original 
non-inbred foundation stock. 
There was a general but not a consistent decrease in numher 
of eggs laid during a given period as the inbreeding increased. 
An exception was observed for the 70 percent inbred group 
which compared favorably with the original non-inbred founda-
tion birds in egg production. There was no marked decrease 
in 200-day egg production for anyone of the six separate fami-
lies as a result of the inbreeding. 
The data on egg weight suggest no general decrease or in-
crease in average egg weight as a result of the inbreeding. 
The results indicate that intensive inbreeding did not de-
crease materially the growth rate or adult body weight of the 
birds used in this experiment. 
With the exception of the 80 percent group, there was no in-
crease in mortality in any of the groups up to 24 weeks of age. 
The pullet year mortality, however, showed a marked rise for 
the more intensely inbred birds with the exception of that 
group of birds having an inbreeding coefficient of 70 percent. 
Inbreeding in the White Leghorn Fowl! 
By N. F. WATERS AND W. V. LAMBERT2 
Among animal breeders as a whole there are few problems of 
more general interest than that of inbreeding. In the hands 
of some breeders it has proved a valuable tool; for others the 
outcome · has been very unsatisfactory. These paradoxical re-
sults stimulated much research on the problem of inbreeding 
during the last 30 years. Some of this research has furnished 
the answer to many of the theoretical aspects of the inbreerling 
question. No very systematic attempts, however, have been 
made to use close inbreeding in a practical way for animal im-
provement. Many breeders have recognized the usefulness of 
the method as a tool for fixing traits but have avoided contin-
ued close inbreeding for fear of fixing undesirable character-
istics in their animals. 
In the agronomic field much more extensive use has been 
made of inbreeding in a practical way. Based on the pioneer 
researches of East (9) and Shull (26), an entirely new method 
of corn breeding is being evolved which is built around a plan 
of intensive inbreeding followed by cross-breeding. This pro-
gram has resulted not only in marked increases in yield but it 
also holds great promise for the development of lines adapted 
for special purposes. 
With the smaller mammals intensive inbreeding has been 
done with considerable success but relatively few intensive in-
breeding experiments have been carried out with larger mam-
mals. Continued close inbreeding in the fowl almost invariably 
has resulted in disaster. Hitherto, no experiment has been re-
ported in which very close inbreeding has proceeded beyond 
the sixth generation; however, the number of attempts to in-
breed the fowl closely has been ~mall. 
INBREEDING IN MAMMALS AND BIRDS 
The older experiments on the inbreeding of animals have 
been so well reviewed by several writers, King (18, 19 and 20), 
Wright (29) and East and Jones (10), that no attempt will be 
made here to review the earlier experiments. On the whole, the 
results were unsatisfactory although exceptions to this general 
conclusion occurred. 
1 Project No. 54 of the Iowa Agricultural Experiment Station. 
2 The authors desire to thank Dr. J. L. Lush of the Animal Husbandry 
Department for his valuable criticism and Dr. A. E. Brandt of the Mathe-
matics Department for his assistan ce on certain statistical phases of this bul-
letin. 
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The most extensive inbreeding in mammals has been done by 
King (21). Miss King has inbred two strains of rats, the fa-
mous Wistar A and B strains, by brother-sister mating for 93 
generations', and reports that both strains are still in a flour-
ishing condition. The success of the inbreeding in the Wistar 
rats is attributed to a good foundation stock and to the rigid 
selection of the best animals for breeders in each generation. 
Another long-continued and intensive series of inbreeding ex-
periments in mammals has been reported by Wright (30) Eaton 
(8) and McPhee and Eaton (22). Wright observcd a decline in 
vigor in all characteristics for Over twenty generations of 
brother-sister inbreeding in the guinea pig, although the de-
cline in vigor was greater for some characters than for oth01's. 
Distinct differentiation in the above respects was observed be-
tween the various inbred families, and the differences between 
families increased as inbreeding progressed. In this respect 
the families tended to keep a certain rank with respect to each 
character. Recently Eaton (8) has summarized the results of 
25 years of inbreeding in the five remaining of the original 
twenty-three inbred families of guinea pigs with which the ex-
periment was started. This summary includes the earlier re-
sults reported by Wright .(29) for the five lines. 'l'hese lines 
became clearly differentiated from one another early in the ex-
periment. They havc reacted differently to inbreeding or to 
environmental conditions, however, so that the ranking for the 
various families in the different measures of vigor has changed 
at times. 
An average decline in all measures of vigor was observed but 
fertility suffered most as a result of the inbreeding. Since 
somewhat parallel declines, though at a higher level, were ob-
server for the control stock, Eaton believes that general 
conditions rather than inbreeding have accounted for much of 
the decline observed in these families . 
In the larger mammals most of the close inbreeding has been 
confined to swine. Several investigators have reported on the 
results of brother and sister 0'1' of half brother and sister mat-
ings in this species for several generations with somewhat 
varying results. The experiments of Hodgson (14) and Hughes 
(15) have been most successful. The former has inbred full 
brother by sister in three lines of Poland China swine, out of 
seven original lines in the beginning, for five, six and eight 
generations without great loss in vigor or change in conforma-
tion. The lines became clearly differentiated in other respects, 
however, particularly in temperamental and psychological re-
actions. Hughes, likewise, has been successful in inbreeding 
Berkshire swine for the equivalent of about six generations of 
brother and sister matings without any appreciable loss in size, 
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fertility or vigor. McPhee (23) and McPhee, Russell, and Zel-
ler (24) have had less favorable results. An attempt on their 
part to establish an inbred strain of Poland China swine ended 
in the second generation because of poor fertility and high mor-
tality in the inbreds. In the Tamworth and Chester White 
breeds the results were less disastrous, although some decline 
in general vigor of the inbreds was noted after four genera-
tions of brother-sister mating. The segregation of various 
anomalies, such as swirls, cleft palate, cryptorchidism and 
change in type, was observed. Craft (3) has inbred Duroc Jer-
seys by mating half brothers and sisters for five generations. 
The general vigor of this stock, as measured by size of litter, 
still-born young, rate of gain, efficiency of feed utilization and 
in losses after weaning, was lowered by the inbreeding al-
though some good individuals were observed among the in-
breds. 
With the other large domestic animals little systematic in-
breeding experimentation has been done. Some inbreeding has 
been practiced in the development of various breeds but most 
of this inbreeding has bcen relatively mild. The only other 
mammal that has been highly inbred is the mouse. At pres-
ent a number of highly inbred strains of laboratory mice are 
in existence and some of these inbred strains comparc favorahly 
with good outbred stocks of mice. 
In birds most inbreeding experiments have been unsuccess-
ful, none having been reported thus far in which inbreeding 
progressed beyond the sixth generation of brother and sister 
mating. The most intense and long-continued inbreeding ex-
periments for the fowl have been reported by Goodale (11) 
and Dunn (7). Both of these experiments, which were carried 
on by brother and sister matings, ended in disaster due to the 
rapid decline in hatchability of the inbred birds. In other re-
spects, also, degeneration was observed, for the inbred birds 
were smaller, matured later, laid fewer eggs and were lower 
in viability than were outbred birds reared under comparable 
conditions. Dunn observed a differentiation among the various 
inbred families in bone length and in the proportion of the 
parts. 
The experiments of most other students of inbreeding in the 
fowl, Cole and Halpin (1), Jull (16), Hays (12), Dumon (5), 
Dunkerly (6) and Dudley (4) agree in general with those re-
ported above. The character most affected by inbreeding was 
hatchability although in most of the experiments reported a 
general decline in the vigor of the inbred stock was observed. 
In a second experiment by Cole and Halpin (2), where selection 
was based on hatchability, the writers state that the general 
vitality of the stock was raised although egg production was 
decreased. 
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Wriedt (28), contrary to the findings of most investigators, 
claims that good results were secured from inbreeding in the 
White Leghorns used at the Rogaland breeding station in Nor-
way. The degree of inbreeding in this experiment was rela-
tively low, however, the coefficient of inbreeding in no case 
probably exceeding 37.5 percent. 
GENERAL EFFECTS OF INBREEDING AND 
CROSSBREEDING 
Inbreeding may be defined broadly as the mating togethel' 
of related individuals. Such a system of mating automatically 
brings about a general increase in the genetic purity or 
homozygosity of the inbred population, the rate of increase in 
homozygosity being dependent upon the closeness of relation-
ship of the mates to each other. The genetic likeness is in-
creased within each inbred family but at the same time the 
diversity from family to family is increased, even though these 
families start from common foundation stock. A population, 
therefore, is broken up into diverse groups as a result of in-
breeding, some groups good in one respect and some in others. 
Unfortunately, however, inbreeding increases homozygosity 
for bad as well as for good factors and may fix combinations of 
genes that do not nick well, with the result that some deteriora-
tion usually occurs in those qualities generally found in a good 
vigorous stock. The inbreeding does not create the defecti.ve 
traits that appear but merely uncovers them by bringing to a 
homozygous condition the recessive genes that were present in 
the parent animals. 
Some retardation in the fixation of undesirable genes or poor 
combinations of factors may be effected by rigid selection, but 
under intensive inbreeding the power of selection to check the 
fixation of such genes is relatively weak. With less intensive 
inbreeding, however, selection becomes a more important factor 
in preventing fixation of defective genes. In the latter case 
there is a less rapid approach toward homozygosity which 
allows for elimination of some of the defective factors before 
they become permanently fixed in the inbred population. 
The outcome of inbreeding in either animals or plants de-
pends much upon the type of genetic variability in the original 
population preceding inbreeding. Less degeneration takes 
place if the foundation stock is relatively free of heritable de-
fects; if it carries many such defects, as seems to be true of 
most animals and plants, some degeneration is likely to occur 
in spite of rigid selection to the contrary. 
Outbreeding, as contrasted with inbreeding, refers to the 
mating of unrelated individuals. This is a general definition 
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which may imply crosses within the breed, between breeds or 
even wider crosses. The effect of this system of mating is to 
maintain genetic impurity or heterozygosity. Any major 
changes occurring in a population in which outbreeding is care-
fully and regularly practiced, therefore, are due to the influence 
of selection and not to any great increase or decrease in the 
heterozygosity of the breeding stock. Rigid selection for cer-
tain characters results in the fixation of some genes and the 
shifting of the population in the desired direction. After a 
certain limit is reached, however, selection often becomes rela-
tively powerless in producing further gains. 
Outcrosses between non-inbred strains often produce superior 
F\ or first generation hybrid progeny. This occurs because the 
set of hereditary factors contributed by one parent complement 
favorably the set contributed by the other parent, a phenome-
non commonly known as "nicking." Where the parent ani-
mals are similar in their breeding there is less chance of getting 
hybrid vigor than from crollses in which there is little common 
relationship. Even two entirely unrelated strains, however, 
may give little increased vigor if they carry many common 
genes. The only certain means of determining the value of 
two strains for crossing lies in actually crossing them. Unfor-
tunately the appearance of an animal is not a very reliable 
criterion of its breeding behavior; it is only from observing 
actual results as measured by the performance of their hybrids 
that the value of any given strains for crossbreeding can be 
determined. 
In plants, especially in corn, it has been demonstrated that 
crossbreeding following inbreeding frequently gives an excep-
tional return of vigor in the individuals of the first crossbred 
generation. The inbreeding process produces homozygous 
strains but in the process of becoming homozygous many of the 
defective genes in the strain are eliminated. No two inbred 
lines are likely homozygous for the same combination of genes, 
but when the right combination of inbreds is crossed a marked 
increase in vigor results in the hybrid due to the favorable nick-
ing of the genes in the two strains. 
Because of the facts just discussed it would seem that the 
inbreeding method holds promise for animal improvement. It 
is improbable that inbred strains can be established which are 
equal to the better strains now existent, but because of the 
elimination of defective hereditary factors as a result of in-
breeding, with the possibility of recombination of the desirable 
factors through crossbreeding, the plan holds real promise. It 
is, of course, a long time program and one which will probably 
necessitate the developing· and testing of a good many inbred 
lines before the better combinations are found. 
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THE PROBLEM 
From the foregoing discussion it is clear that the utilization 
of inbreeding as a means of animal improvement presents many 
difficult problems. The effectiveness of the method for fixing 
type and uniformity in animals and the well demonstrated 
value of the plan, when followed by crossbreeding, for corn 
improvement, however, certainly justifies an extensive test of an 
inbreeding program for animals based somewhat on the plan 
being used so successfully by corn breeders. For economic 
reasons the fowl would seem to be the animal best suited for 
such a test. The small cost of each bird, thc short interval be-
tween generations and the ability to carry a large number of 
animals at relatively small cost make it possible to t est the 
plan on a large scale. A final answer can be furnished only 
from critical experiments designed directly to answer the ques-
tion. 
Two distinct phases are involved in such a program. The 
first step is the development of good inbred lines. Once these 
have been developed they may be tested in various intercros8cs, 
or by using inbred males for top crossing on non-inbred females 
or in various other ways, as well as for synthesizing new in-
breds. It is not to be expected that all inbreds will be equally 
valuable for intercrossing and for other uses. An important 
part of any well planned experiment of this nature, therefore, 
will call for the continual development of new and better in-
breds. These probably can be produced to best advantage by 
inbreeding the hybrids resulting from outcrosses of the supe-
rior inbred lines to the best non-inbred strains. 
Such a program was undertaken at the Iowa Experiment 
Station in 1926 and the results obtained during the first phase 
of the experiment, namely the production of inbreds, have been 
remarkably successful in contrast with most experiments on 
close inbreeding so far reported for the fowl. In this paper the 
writers are reporting primarily on the effects of the various 
systems of inbreeding used to date upon those characters which 
are of greatest economic concern to the poultryman. 
HISTORY AND PURPOSE* 
The foundation birds used in this study were obtained from 
the flock of the Iowa State College in 1925. The pedigree rec-
ords show that the birds were descended largely from a flock 
purchased by the College in 1923 from a breeder living near 
Ames. 
The original object of this investigation was to study the 
'The early phases of this investigation were planned by a nd under the 
supervision of Dr. C. W. Knox, now Senior GenetiCist, U. S. D. A. 
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effect of different intensities of inbreeding, crossbreeding and 
outcrossing in the single comb White Leghorn fowl on the fol-
lowing characters: Fertility, hatchability, viability, days to 
first egg, egg production, egg size and body size. Another 
major object was to develop lines homozygous for a num-
ber of the characters of greatest economic usefulness to the 
poultry breeder since reasonably homozygous material would 
seem to be necessary before the geneticist can hope to make a 
critical analysis of such characters. 
From the more strictly applied viewpoint, the plan was to 
develop inbred lines that would prove useful for intercrossing 
with other inbreds and for top-crossing with good non-inbred 
strains. At the outset of this investigation there was available 
ample evidence in the field of corn breeding to show the value 
of intercrossing and top crossing with corn, and, as the possi-
bility of a similar use of inbreds seemed favorable in poultry, 
this has remaincd one of the main purposes of the experiment. 
And finally, inbred birds, or preferably Fl hybrids between 
birds of different inbred lines, should furnish excellent material 
for nutrition and physiologic experiments due to the reduction 
of genetic variability in such material. 
METHODS 
The original plan of the experiment called for different in-
tensities of inbreeding and, in general, the degree of inbreed-
ing has been less intensive than that obtained from brother and 
sister or parent and offspring matings; this policy has been 
followed for the most part throughout the experiment. One 
intensely inbred family of parent-offspring and brother-sister 
mating, however, has been maintained successfully for nine 
generations. Throughout the investigation there was a rigid 
selection for high hatchability, large family size and good vigor. 
High hatchability was chosen as perhaps the most important 
charactcr for, in order to maintain any line of poultry, it is 
imperative that the hatchability be maintained at or above a 
certain minimum level. Other characters besides vigor, size of 
family and hatchability were considered whenev.er practical, 
namely: Fertility, viability, early maturity, egg production, 
egg size and body size. 
It should be made clear that there was no sclection of birds 
on which records were to be obtained throughout the experi-
ment. All birds that were able to stand after hatching were 
placed in the brooder houses, being forced to compete with 
other chicks until eliminated either by death or by discarding 
after all desirable records were obtained. 
Pedigree records were kept for every bird used in the study. 
All birds were trapnested for at least 10 months during the first 
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5 years and for at least 12 months during the next 5 years. Each 
egg that was saved for incubation was weighed, the eggs from 
each hen were hatched in separate wire baskets and upon re-
moval from the incubator each chick was wing banded. 
Hatchability and fertility records were kept for each individual 
hen. 
The last 4 years all chicks were weighed at hatching 
time, at intervals of approximately 2 weeks during the first 3 
months and at monthly intervals thereafter until maximum 
weight was attained, which occurs at approximately 10 months 
of age. It was not practical to weigh each bird exactly 2 weeks 
or 1 month after hatching', and so in many instances it was nec-
essary to estimate the weights at the close of each 14-day or 
30-day interval by interpolation between the weights actually 
taken. 
Mortality records for the first 24 weeks include only those 
birds hatched in the years 1933 and 1934. Previous to this, ac-
curate chick mortality records are not available. Records of 
pullet year mortality are available for all birds beginning with 
the year 1926. 
Several changes in the management of the birds used in this 
investigation have been made during the past 10 years. These 
changes have been made in keeping with good poultry manage-
ment practices but they have introduced environmental changes 
that need be considered in an analysis of the results. So far as 
possible, however, the conditions were as near optimum as could 
be provided at all times. 
The ancestry of all the birds in the present generation may 
be traced to four males and seven females. One of the four 
original males (No. 823), however, has a distinctly higher de-
gree of relationship to the present generation than any other 
of the foundation birds. This relationship still averages ap-
proximately 55 percent, ranging from 29 percent to 61 per-
cent. The r elationship of the present generation to the other 
three foundation males does not exceed 8 percent. The rela-
tionship between brothers and sisters in the present generation 
ranges from 74 percent to 94 percent. The average inter-se 
relationship between the present chicks which are not sibs is 
above 50 percent. The inbreeding coefficients of the present 
birds range from 41 percent to 82 percent. This is equivalent 
to a trifle more than two generations of brother and sister mat-
ings for the least inbred family while the inbreeding coeffi-
cient for the highest inbred family is equivalent to that ob-
tained from eight generations of brother and sister matings. 
The measurement of inbreeding and relationship has been 
calculated according to the method suggested by Wright (31). 
The inbreeding coefficient furnishes a measure of the probable 
decrease in heterozygosity in any given animal while the rela-
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tionship coefficient furnishes an estimate of the extent to which 
the given animals have common genes. 
THE EFFECT OF INBREEDING ON FERTILITY 
The investigations of P earl and Surface (25) and of Hays 
and Sanborn (13) would indicate that fertility is not inherited. 
Recent studies by Jull (17), however, indicate that fertility is 
inherited and he suggests that the selection of yearling dams 
based on the results of their first year's record is a worth while 
practice. While unquestionably there are genes that affect 
fertility, it should be recognized that many environmental con-
ditions, preferential mating and other things may greatly af-
fect this character. Obviously this renders a genetic analysis 
difficult. 
While there has been no intentional selection primarily for 
high fertility in this experiment, there has been a high inci-
dental selection for this character, for, in general, those birds 
that produced a large number of chicks during the hatching 
season had both high fertility and high hatchability of their 
eggs. 
Figure 1>1t shows the influence upon fertility that was ob-
served in this experiment. The average percent of eggs fertile 
is shown for all inbreds and for those birds chosen to be parents. 
Figure 2 gives the percentage distribution of eggs fertile for 
all the inbreds used for breeding purposes. The trend for fer-
tility would indicate that there has been a decrease in fertility 
for those inbreds having the equivalent of more than one 
brother-sister generation of inbreeding, namely, 25 percent. In 
no instance, however, did the mean fertility drop below 78 
percent. Table 1 shows the mean fertility by years for the 
different inbred groups. Fertility was consistently low for the 
year 1934 for all groups except the 11-20.9 percent group. 
There is no indication of consistently low fertility for any of 
"It should be emphasized here that the data shown in figs. 1 to 8 are 
grouped together by inbreeding percent and that birds hatched in several 
different years may be placed in similar inbreeding groups. 
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TABLE 1. PERCENTAGE FERTILITY BY YEARS FOR THE DIFFERENT 
INBRED GROUPS. 
Percent inbreeding 
Year 0 1-10.9 11-20.9 21- 30.9 31-40.9 41-50.9 51-60.9 61- 70.9 71-80.9 
------------------------
1926 88 
1927 83 
1928 93 93 84 6~ 
1929 87 87 77 99 
1930 98 99 85 97 97 
1931 86 71 99 88 
1932 98 90 84 83 78 80 
1933 82 79 89 82 76 88 96 
1934 96 75 65 67 71 
the other years. An analysis of variance in fertility among the 
progeny having different degrees of inbreeding indicates that 
the observed differences between groups are not significant. 
Since the differences found between groups are not significant 
it may mean that there is less heterogeneity for fertility in this 
particular inbred population than for the other characters stud-
ied. By no means, however, does it suggest that fertility is not 
inherited, but it may suggest less hereditary control. 
The fertility fqr the chosen parents, with but one exception. 
has been above 80 percent. Since, as previously pointed out, 
there was a high incidental selection. for fertility throughout 
the experiment, fertility for the chosen parents has been main-
tained at a high level. 
In these studies it is evident that inbreeding has not had a 
serious effect on fertility and from the results it would seem 
possible for the breeder to practice mild inbreeding without 
seriously decreasing fertility, providing he continually prac-
tices careful selection for high fertility. 
THE EFFECT OF INBREEDING ON HATCHABILITY 
In the several attempts that have been made to inbreed the 
fowl heretofore, almost invariably there has been a rapid de-
crease in hatchability as the inbreeding coefficient increased, 
this decrease in hatchability leading in most cases to termina-
tion of the experiment. Since it is clear that no inbreeding ex-
periment in the fowl can be continued successfully unless a 
reasonable hatchability is maintained, it, therefore, becomes 
necessary to practice rigid selection for high hatchability. 
Throughout this experiment there has been a constant selec-
tion in all families for high hatchability and for large families 
from each dam. Such a program does not necessarily insure 
that all birds selected as breeders possessed the best genotype 
for high hatchability, sinc~ the genetic basis for this character 
is certainly complex and the character is greatly influenced by 
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environmental conditions. Since the environmental influence, 
however, is probably not greatly, if at all, selective between 
genotypes, it seems that a breeding program based on the selec-
tion of the highest hatching females would eventually insure 
the isolation of birds with good combinations of genes for 
hatchability. 
In the present experiment there has been a slow but gradual 
decline in the average percent hatchability of fertile eggs set 
for all inbreds as the inbreeding coefficient has increased. From 
fig. 3 it will be observed, however, that the average hatchability 
for all inbreds has been above 60 percent, with the exception 
of those birds having an inbreeding coefficient of 70 percent. 
In fig. 4 is shown the distribution for percentage hatchability 
for the different degrees of inbreeding. A few birds in all 
groups have given very low hatchability but many have 
hatched as high as 100 percent; thus there has been ample op-
portunity to select as breeders those birds which were pro-
duced from high hatching dams. The average hatchability 
of the chosen parents has been above 80 percent and no birds 
were chosen as parents whose dams hatched less than 60 per-
cent of their fertile eggs. 
Table 2 presents the statistics for mean hatchability by years 
for the different inbred groups. It is well known that the 
ability of fertile eggs to hatch is dependent to a high degree 
on the environment. Therefore, it is very difficult to suggest 
that the consistently low hatchability observed in certain years 
is due entirely to genetic causes. The years 1928, 1930, 1932, 
and 1933 all seem to suggest that hatchability generally de-
creased as inbreeding increased. On the other hand, the years 
1931 and 1934 do not show such a relationship. Comparing 
the years 1933 and 1934 it is clear that the birds having the 
same degree of inbreeding hatched much better in 1934. 
An analysis of variance in hatchability for the different de-
grees of inbreeding shows that there was a highly significant 
difference between groups. Most of the families are highly re-
Fig. 3. Trends showing average percent of fertile eggs hatched for all 
inbreds and for those inbreds chosen to be parents, together with the number 
of birds in each group. 
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Fig. 4. Histograms showing variation in percent of fertile eggs hatched 
for . all inbreds used for breeding, with the mean and standard deviation for 
each group. The mean hatchability is indicated by the arrow. 
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TABLE 2. PERCENTAGE HATCHABILITY BY YEARS FOR THE DIFFERENT 
INBRED GROUPS. 
Percent inbreeding 
------------
51- 60 . 9 161- 70.9 
---
Year 0 1- 10.9 11-20.9 21-30.9 31--40.9 41-50.9 71- 80.9 
1926 76 
1927 82 
1928 73 80 66 59 
1929 78 90 85 81 
1930 93 88 84 60 61 
1931 74 77 77 76 
1932 71 77 69 68 29 61 
1933 73 71 62 67 61 57 59 
1934 86 70 85 71 75 
lated to one another, as will be pointed out later, but, it is to be 
expected under an intense system of inbreeding that different 
families will diverge and show different means and distribu-
tions, as, in fact, they do. 
This investigation has demonstrated that it is possible to 
maintain a reasonably safe level for hatchability under a system 
of intense inbreeding. It should be stressed again, however, 
that there has been a very rigid selection for high hatchability 
based upon a large number of progeny. In some instances it 
was necessary to discard entire families having other desirable 
characters because of low hatchability. 
THE EFFECT OF INBREEDING ON DAYS TO FIRST EGG 
It is desirable to have a pullet lay its first egg as early in life 
as possible, for it has been demonstrated repeatedly that the 
earlier in life a pullet lays her first egg, or matures sexually, 
the greater will be her first year's egg production. It has been 
reported by Hays (12) and Jull (16 ) that inbreeding tends to 
increase the number of days to first egg. It should be empha-
sized that throughout this experiment there has been no con-
scious selection for early sexual maturity. . 
In fig. 5 the average number of days to first egg for all in-
breds and for those birds chosen to be parents is shown. The 
data from the birds upon which this figure is based were 
grouped by percent inbreeding, regardless of the year in 
which they were hatched. Figure 6 gives the distribution for 
days to 'first egg for all inbreds. No increase in the mean num-
ber of days to first egg was observed for the various inbred 
groups as the inbreeding coefficient increased. From the 0 
percent to 60 percent groups there was little change in the av-
erage days to first egg. There was, however, a drop of 22 days 
in sexual maturity between the 60 percent and 80 percent 
groups. It will be observed that the number of birds in the 
various inbred groups upon which these results are based is 
fairly large. 
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Figs. 5. Trends showing the average days to first egg for all inbreds and 
for those inbreds chosen to be parents, together with the number of birds in 
each group. 
The number of days to first egg is shown by years for the 
different groups in table 3. No marked yearly differences in 
days to sexual maturity are indicated from these data. With 
two exceptions, namely, 1930 and 1932, the highly inbred 
groups are the earliest maturing, regardless of the year in 
which they were hatched. It would seem to be of some genetic 
significance that the more highly inbred groups matured sex-
ually earlier, while the less intensely inbred birds hatched i-n 
the same year and receiving the same management, in general, 
matured sexually much later, regardless of the year in which 
they were hatched. This would seem to indicate that the birds 
in the more highly inbred groups are homozygous for more of 
the genes for early maturity: . 
All data considered, there was a decrease in number of days 
to sexual maturity as the inbreeding increased. An analysis 
of variance in sexual maturity among the progeny with differ-
ent degrees of inbreeding shows that there is a highly signifi-
cant difference between the various groups. 
TABLE 3. AVERAGE NUMBER OF DAYS TO FIRST EGG FOR THE DIFFERENT 
INBRED GROUPS AS OBSERVED IN DIFFERENT YEARS 
OF THE EXPERIMENT. 
Percent inbreeding 
Year 0 1-10.9 11-20.9 21-30.9 31-40.9 41-50.9 51-60.9 61-70.9 71- 80 . 9 
--------- --- ---- ----- - --
1926 211 
1927 212 
1928 250 226 218 234 231 
1929 217 227 230 249 
1930 195 211 236 202 235 
1931 205 211 209 220 199 
1932 202 193 207 206 229 232 
1932 215 218 216 230 218 183 193 
1934 207 260 200 206 203 194 
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Fig. 6. Histograms showing the variation in days to first egg for all in-
breds, with the mean and standard deviation for each group. The average 
days to first egg for each group is indicated by the arrow. 
Among the chosen parents the average days to sexual ma-
turity is lower than the average for all inbreds for the 0 per-
cent to 50 percent groups. From the 50 percent to 80 percent 
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groups the average days to sexual maturity is somewhat er-
ratic. 
In this experiment, then, there is no indication that intense 
inbreeding has increased the number of days to first egg. On 
the contrary, the more intensely inbred birds have matured sex-
ually 16 days earlier on the average than the birds of the origi-
nal non-inbred foundation stock. 
EFFECT OF INBREEDING ON EGG PRODUCTION 
In fig. 7, the effects of inbreeding on egg production are pre-
sented. Because of the high mortality occurring during the 
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Fig. 7. Trends showing average egg production for January to March. 
first 200 days. and for the first laying year for all inbreds and for those in-
breds chosen to be parents, together with the number of birds in each group. 
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first laying year it seemed desirable to consider the number of 
eggs laid for different intervals during the first year of pro-
duction as well as for the total first year production. There-
fore, three periods of production are reported, namely: J an-
uary to March egg production, first 200 days egg production 
and annual egg production. 
It should be remembered that there was no conscious selection 
for egg production throughout the experiment. There was, 
however, a possible incidental selection for, if birds were se-
lected for high hatchability and for large numbers of progeny, 
it is clear that they were laying at a rapid rate during the 
hatching season. 
The trend of the January to March egg production for the 
chosen inbred parents and for all inbreds is shown in fig. 7. 
There is no clear evidence that ability to lay eggs during the 
winter months has been greatly reduced as a result of continued 
inbreeding. True, there was a slow decrease in winter egg 
production as the inbreeding coefficient increased :t'rom 0 to 
50.9 percent, but the birds in the group 61 to 70.9 percent 
showed a high rate of production during the 3 winter months, 
even higher than that found in the foundation birds. These re-
sults demonstrate the possibility for high egg production in the 
more highly inbred groups. The 80 percent inbrcds showed a 
decided drop in winter egg production. The winter egg pro-
duction for the birds chosen to be parents is in general slightly 
higher than that for all inbreds. 
A more thorough analysis was made for 200-day egg produc-
tion than for either January to March or annual egg produc-
tion. The trend for 200-day egg production for the different in-
bred groups is shown likewise in fig. 7. This figure also shows 
the trend of the parent birds. The distribution of 200-day egg 
production for the different inbred groups is presented in fig. 8. 
Egg production for the first 200 days of laying unquestion-
ably decreased for the birds with inbreeding coefficients from 
o to 50 percent. For the 60 and 70 percent groups, however, 
an increase in production was noted but the birds of the 80 
percent group again showed a marked decrease. Table 4 gives 
the statistics for 200-day egg production by years for the dif-
ferent inbred groups. Environmental causes probably were 
responsible in considerable part for the variation in egg pro-
duction observed between the different groups although these 
statistics do not show marked yearly differences. Each year 
certain groups were low but there were other groups in the 
same year which were high. On the whole, however, the pro-
duction was a little lower for the more highly inbred birds. 
This is most apparent in the last 3 years. 
An analysis of variance in the 200-day production shows a 
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Fig. 8. Histograms showing variation in 200-day egg production for all 
inbreds, with the respective means and standard deviations. The average 
production is indicated by the arrow. 
highly significant difference between the various groups. Cer-
tain of the groups show a marked variability as measured by 
the standard deviation. The 0 percent inbred birds showed the 
lowest variability while the 30 and 60 percent inbreds showed 
the highest variability. Much of the variability in the inbred 
groups can be attributed, no doubt, to the fact that inbrcds 
from several different families have been grouped together in 
computing this variability. 
The trend for annual egg production shows a decrease simi-
lar to that observed for January to March and for 200-day egg 
production (fig. 7) . There was a marked drop in annual egg 
production for the 60 percent inbred group that was not ob-
24 
TABLE 4. AVERAGE NUMBER OF EGGS LAID DURING THE FIRST 200 DAYS OF 
PRODUCTION FOR THE DIFFERENT INBRED GROUPS. 
Percent inbreeding 
------------
------------
Year 0 1-10.9 11-20.9 21-30.9 31-40.9 41-50.9 51-60.9 61-70 .9 71-80.9 
------------------------
1926 115 
1927 111 101 
1928 113 107 114 102 105 
1929 102 114 68 119 
1930 103 96 100 90 77 
1931 111 105 95 96 117 
1932 87 143 84 78 84 100 
1933 104 92 . 62 73 105 70 
1934 84 93 108 58 63 54 
served for either the January to March or 200-day egg pro-
duction. With the exception of this 60 percent group the 
trends for January to March, 200-day and annual egg produc-
tion coincide rather closely. 
The fact that the 70 percent inbreds could compete favorably 
with the original non-inbred foundation birds shows clearly 
that the. ability to lay a reasonable number of eggs has not 
been lost in the birds of the more intensely inbred groups. 
THE EFFECT OF INBREEDING ON EGG SIZE 
It is well established that the ultimate size of a hen's egg is 
related to the ultimate size of the bi.rd. Growth is relative to 
time; therefore the reproductive organs will increase in size 
when the body as a whole increases in size. Accordingly, the 
mean annual egg weight of a bird is not necessarily its genetic 
egg size, for if a pullet starts to lay early in life she will lay a 
larger number of small eggs before attaining maximum growth 
than will the hen that starts to lay much later in life. An early 
sexual maturing bird, therefore, will have a lower mean annual 
egg weight than will the late sexual maturing bird, although 
they may both be genetically the same with reference to egg 
weight. Accordingly, the size of egg for the individual bird 
was obtained for this study only after a bird had attained full 
growth, or at approximately 10 months of age. 
During the early phases of this project egg wei.ghts were 
obtained only during the hatching period, and then only for 
those birds chosen to be parents. A study of the age of these 
birds showed all of them to be approximately 10 months of age 
or older and therefore the egg weights from these birds were 
used in this study. For 4 years the eggs from all inbreds were 
weighed at least 1 week each month and nearly all of them 
were weighed daily. 
In fig. 9 is presented the trend for average egg weight for 
the various coefficients of inbreeding, while the distribution of 
Fig. 9. Trends showing average egg weight for all inbreds and for those 
inbreds chosen to be parents, together with the number of birds in each 
group. . 
egg weight for all the inbreds is shown in fig. 10. An analysis 
of variance in egg weights shows a significant difference be-
tween the groups when classed according to the intensity of 
their inbreeding. This difference, however, does not come from 
any steady decrease or increase in average egg weight parallel-
ing the changes in inbreeding. The lowest egg weights werc in 
the 10 percent and the 80 percent groups, almost at the two 
extremes of the inbreeding. The other groups differed very 
little in average egg weight. At present it is not clear why 
these groups differed significantly in egg weight. The ab-
sence of a steady trend makes it unlikely that the differences 
were a direct result of the inbreeding. There were no highly 
inbred birds in the early years and no mildly inbred birds in 
the later years. Any environmental conditions which possibly 
might have influenced egg weight peculiarly in one or more 
years, therefore, would not have affected all the inbreeding 
groups equally. 
The birds that were chosen to be parents showed relatively 
little increase in egg size although the egg weight is slightly 
greater in the chosen groups than for the entire inbred group. 
The standard deviation for the birds in fig. 10 indicates that 
the greatest amount of variability occurred in the 20, 30, 40, 
50, and 80 percent groups, while the lowest variability was ob-
served in the 60 percent group. Table 5 shows the statistics for 
egg weights by years. The eggs for the years 1926 to 1931 
were weighed only during the hatching season, while those for 
the years 1932 to 1934 were weighed at least once a week 
throughout the year. It is questionable whether there are any 
significant differences from year to year that might be traced 
to the environment. The lowest average egg size was observed 
in the years 1929 and 1934; however, there were many groups 
within each year that were equally as low. 
The results as a whole certainly suggest no general decrease 
in average egg size as a result of the inbreeding. The cause of 
marked variability observed from group to group is not en-
tirely clear but a probable source of much of this variability is 
the segregation of various egg size factors into the more or less 
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Fig. 10. Histograms showing average egg weight for all inbreds and for 
those inbreds chosen to be parents, with the respective means and standard 
deviations. 
TABLE 5. AVERAGE WEIGHT OF EGGS LAID BY THE DIFFERENT INBRED 
GROUPS, FOR EACH YEAR OF THE EXPERIMENT. 
Percent inbreeding 
Year 0 1-10 . 9 11-20.9 21-30.9 31-40.9 41-50.9 51-60.9 61-70.9 71-80.9 
------ ------ ------ ------ ------ ------ ------ ------
1926 58 
1927 56 60 
1928 65 53 53 56 57 
1929 54 54 52 55 
1930 52 54 55 59 55 
1931 57 56 58 58 56 57 
1932 64 57 56 56 56 56 
1933 51 56 52 53 55 53 
1934 53 53 50 
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separate families resulting from the continued inbreeding. A 
further consideration of this question will be given when the 
different families are discussed. 
THE EFFECT OF INBREEDING ON RATE OF GROWTH AND 
ON MATURE BODY WEIGHT 
Body weights were not obtained for any inbreds until 1932. 
For the last 3 years each chick was weighed at hatching time 
and at intervals of 2 weeks during the first 4 months and at 
monthly intervals thereafter, until maximum weight was at-
tained. 
Fig. 11 presents a comparison of the average growth curves 
for all inbred females for the various degrees of inbreeding; 
fig. 12 shows the average growth curves for the inbred males. 
With the exception of the 20 percent inbred females, very little 
difference was observed in the growth rate for the various de-
grees 'of inbreeding. The 20 percent inbred males and females 
grew faster and attained a greater weight than the rest of the 
inbreds. A large number of non-inbred Leghorns hoth males 
and females were weighed each year for comparison. The av-
erage growth curve for the non-inbred Leghorns is not shown 
in figs . 11 and 13 because the curve coincides nearly exactly 
with the 30 to 80 percent curves. Considering the wide range 
of environmental conditions that exists when birds are hatched 
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Fig. 11. Comparison of growth curves for a ll inbred females having dif-
ferent degrees of inbreeding for the years 1932 to 1934. 
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ent degrees of inbreeding for the years 1932 to 1934. 
at different months and during different years, these inbred 
birds showed remarkably little change as the inbreeding coeffi .. 
cient increased. 
Figs. 13 and 14 show the observed distributions for maximum 
body weight, which weight was reached at approximately 10 
months of age for both males and females . There was some 
fluctuation in mean adult body weight for the differ ent inbred 
groups in both males and females, but there was no progressive 
increase or decrease in weight as the percent of inbreeding in .. 
creased. An analysis of variance for the different inbred 
groups, both male and female, however, showed that there was 
a significant difference in body weight between the groups. 
The greatest amount of variation occurred in the 30, 40, and 
50 percent groups, while the smallest amount was found in the 
60 and 80 percent groups. 
Table 6 shows the statistics for body weight by years for 
both males and females. There is no indication that the birds 
J 
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were consistently larger or smaller because they were grown 
in different years. 
These results would indicate that intensive inbreeding did 
not decrease materially the growth rate or adult body weight 
of the birds used in this experiment. 
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TEE EFFECT OF INBREEDING ON VIABILITY 
Figure 15 gives the percentage mortality for all inbreds for the 
following periods: 1 to 8 weeks, 8 to 16 weeks, 16 to 24 weeks, 
- for the first 24 weeks and for the pullet, or first-year mortality. 
There was no general increase in the. first 8 weeks' mortality as 
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Fig. 1 5. Trends sh owing the percentage mortality for several different 
periods for a ll inbreds both males and femal es for the years 1929 to 1934. 
the inbreeding increased, although the 80 percent group does 
show an increase. Likewise, there was no increase in the 8 to 
16 weeks' or in the 16 to 24 weeks' mortality as inbreeding in-
creased. Considering the totp,l percentage mortality for the 
first 24 weeks it is observed that there is, in fact, a decrease in 
mortality for those birds with an inbreeding coefficient ranging 
from 20 to 70 percent. 
The pullet-year mortality showed a rapid increase as the in-
breeding increased with the exception of those birds having an 
inbreeding coefficient of 70 percent. The 80 percent inbred 
birds were nearly all dead before the end of the first pullet 
TABLE 6. AVERAGE BODY WEIGHT IN GRAMS AT 10 MONTHS OF AGE FOR THE 
DIFFERENT INBRED GROUPS. 
MALES 
Percent inbreeding 
Year 11-20 .9 21-30.9 31-40 . 9 41-50.9 51-60.9 61.70-9 71-80.9 
1932 1 ,993 1 ,738 1,802 1 ,719 1 ,749 1 ,779 
1933 1 ,850 1,749 1,890 1,974 1,718 1, 883 1 ,733 
1934 1 ,764 1 ,950 1 ,722 1,613 1,710 1,654 
FEMALES 
Percent inbreeding 
Year 11-20 . 9 21-30 . 9 31-40.9 41-50 .9 51-60.9 61-70.9 71-80.9 
1932 2,293 2,325 2,256 2,017 2,185 
1933 2,413 2 ,368 2 ,306 2,289 2, 199 
1934 2,066 2,138 1,929 2,100 
FIGURE 16. PEDEGREE AND STATISTICS FOR FAMILY 1. 
,"06\ dElo.;'~""'''6~,CI''E -""53' -<'1401-"'70 ---'<451 ~_, 'EI0~XDI"XC""X'~XAllo.l055,X,.1:~: 
Inbreeding Coefficient, 
percent 82 79 73 67 59 50 35 34 25 0 0 
Number of chicks hatched 9 39 46 20 25 25 23 28 69 94 
Fertile eggs, percent 
Fertile eggs hatched, 
81 83 93 84 96 97 100 79 93 88 
percent 62 87 85 77 93 76 89 61 90 83 
Days to first egg 
Jan. to Mar. egg 
160 192 202 234 195 243 205 215 204 227 
production 21 52 53 35 52 50 48 43 55 37 
200 dar egg production 101 129 148 110 102 110 110 105 133 116 
Annua egg production 204 171 175 
55 
177 208 
Egg weight, grams 54 54 57 59 51 56 
CJ,:) 
l\:) 
33 
year. Fortunately a large number of progeny was obtained 
from the 80 percent inbred birds during the breeding season, 
and thus this high mortality did not eliminate the more highly 
inbred families. 
The mortality record for the first 24 weeks included only the 
birds hatched in the years 1933 and 1934. A record of pullet-
year mortality was available for all birds excepting those for 
the year 1925. 
DESCRIPTION OF FAMILIES 
The pedigrees of families 1 to 6 are shown in figs. 16 to 21, 
respectively, together with the data obtained from the birds 
of these families for the various characters studied. 
Family 1 (fig. 16) represents the most intensely inbred fami-
ly developed during the course of the experiment. The chicks 
which were hatched in 1935 had an inbreeding coefficient of 82 
percent which is equivalent to eight generations of r.ontinuous 
brother and sister matings. At the present time the ancestry 
of all the birds in family 1 may be traced to one male, 823, and 
two females, 3784 and 3774. The present birds have a rela-
tionship coefficient of 60 percent to the original foundation 
male, 823. The relationship coefficient between birds of the 
present generation is 94 percent. 
The chicks in family 2 (fig. 17) which were hatched during 
1935 have an inbreeding coefficient of 58 percent, equivalent to 
slightly more than four generations of continuous brother and 
sister matings. The ancestry of this family may be traced to 
four males and five females. The highest relationship, how-
ever, is to male 823, it being approximately 54 percent for the 
present birds while the relationship to each of the other three 
males does not exceed 5 percent. The inter-se relationship be-
tween the birds of the present generation in this family is 84 
percent. 
Family 3 (fig. 18) is inbred to approximately the same extent 
as family 2. An examination of the pedigrees for these two 
families shows some differences after the fourth generation, 
however. As in family 2, the ancestry of the present generat.ion 
of family 3 may be traced to the same four males and five fe-
males. The relationship of the present birds to male 823 is ap-
proximately 53 percent while the relationship to each of the 
other three males does not exceed 5 percent. The inter-se rela-
tionship between the birds of the present generation is 86 per-
cent. 
The birds in the present generation of family 4 (fig. 19) have 
an inbreeding coefficient of 50 percent which is equivalent to 
, approximately four generations of brother and sister matings. 
As in the other three families the influence of male 823 is vre-
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ponderant and the relationship of this male to the birds of the 
present generation is 61 percent. The relationship of the other 
three original males to the present generation does not exceed 5 
percent. The relationship coefficient between birds of the pres-
ent generation in this family is 88 percent. The pedigrees of 
family 4 and family 3 are very similar up to the sixth genera-
tion when the two pedigrees diverge somewhat. In the tenth 
generation, the rather distinct lines developed after the sixth 
generation were crossed again. 
The birds in the present generation of family 5 (fig. 20) have 
an inbreeding coefficient of 42 percent which is equivalent to 
slightly more· than two generations of brother and sister mat- . 
ings. Up to the sixth generation of this family the foundation 
ancestry consisted of two males and five females. After the 
sixth generation an unrelated Leghorn male, number B438, was 
crossed with a female having an inbreeding coefficient of 31 
percent. After the seventh generation brother with sister and 
half brother with half sister matings were made. The relation-
ship of the present birds to male 823 is 29 percent and 45 per-
cent to male B438. The inter-se relationship between birds of 
the present generation is 77 percent. 
Family 6 (fig. 21) is the least intensely inbred family stud-
ied. 'l'he present birds have an inbreeding coefficient of 41 per-
cent which is equal to a little more than two generations of con-
tinuous brother and sister matings . . The ancestry of the pres-
ent generation may be traced to three males and six females. 
Again in this family, the influence of male 823 is preponderant 
as he bears a relationship of approximately 58 percent to the 
birds hatched in 1935. The relationship of the other two 
original males to the present generation does not exceed 5 per-
cent. A study of the pedigree of family 6 shows that after the 
second generation the pedigree diverged in three rather differ-
ent ways but that the diverged lines were crossed again in the 
fifth and sixth generation. 
Up to the present time it has been possible to inbreed brother 
and sister for eight generations. This does not mean, however, 
that a system of brother and sister matings necessarily will 
continue to be successful, although the results to date would 
indicate that this will be possible. If continued close inbreed-
ing within each family does not prove possible, however, inter-
crossing of the different families, which all show a rather high 
inter-se relationship, should insure indefinitely the perpetua-
tion of the present inbred strain of Leghorns. 
There are a number of highly inbred families still living 
which have not been reported separately in this study because 
of the high relationship they bear to certain of the six families 
whose pedigrees are shown. 
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In table 7 statistics on the inbreeding coefficients and the re-
lationships of the present birds of the six families to each other 
and of these birds to their respective sires are presented. In 
all families the inbreeding exceeds 41 percent. The relation-
ship of full sibs in all families ranges fr.om approximately 74 
for the least inbred to 94 percent for the most inbred family. 
Inasmuch as the relationship coefficient is a measure of genetic 
likeness, it is evident that all the individuals in the present 
generation of each family studied are highly like each other. 
The relationship of each different family to the original 
foundation sire, 823, is, with the exception of family 5, above 
53 percent which mean~ that the birds of these different fami-
lies carry more of the genes of sire 823 than did the original 
first generation hybrids of which he was the sire. Therefore, 
the influence of sire 823 on each. of these birds in the different 
families, with the exception of family 5, is very high as might 
be expected with the restricted ancestry of all families. Family 
1 and family 4 have the highest relationship to each other-
approximately 82 percent. In no instance does the relationship 
of family 5 to the other five families exceed 24 percent. 
EFFECT OF INBREEDING ON FERTILITY IN FAMILIES 1 TO 6 
The statistics for fertility in relation to the pedigree and 
inbreeding coefficient given in figs. 16 to 21 were based only 
upon those birds shown in these particular pedigrees. A more 
detailed analysis of fertility for the six families is presented in 
fig. 22, which shows the average trend for fertility with each 
increase in inbreeding percentage, not only for the birds chosen 
to be parents but also the average trend for fertility of all 
birds nsed for breeding purposes in each family. The figures, 
likewise, show the number of birds upon which the mean is 
based. 
TABLE 7. STATISTICS SHOWING THE COEFFICIENTS OF INBREEDING AND 
VARIOUS RELATIONSHIPS IN THE SIX FAMILIES STUDIED. 
Only the inter-se relationship and the inbreeding coefficients for the last generation birds 
in the different families are shown. 
Families 
------------
I 2 3 4 5 6 
------------
F106 Fl77 F96 FHO F226 F84 
----------
Coefficient of inbreeding 82 58 62 50 42 41 
Relationshlp to full sibs 94 84 86 88 77 74 
Relationshlp to d' 823 60 54 53 61 29 58 
Inter-se relationship to family 1 (F106) 59 52 82 21 59 
Inter-se relationship to family 2 (F177) 55 68 19 53 
Inter-se relationship to family 3 (F96) 62 19 55 
Inter-se relationship to family 4 (FllO) 21 60 
Inter-se relationship to family 5 (F226) 24 
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In general, there was no progressive decrease in fertility for 
the chosen parents as the inbreeding increased. The lowest 
fertility, 60 percent, was obsetwed in family 2 for the ninth 
generation but with the exception of this one generation the 
fertility remained above 79 percent for all families. The aver-
age trend line for the chosen parents of each family shows that 
with the exception of families 2 and 4 the average percentage 
fertility for these birds was above 80 percent. The average 
trend line for each family for the chosen parents, plus their 
sibs, shows that in general ·there was a decrease in fertility for 
families 2 and 3 with each increase in the inbreeding coefficient 
above 22 percent. In family 4 there was a large decrease in the 
fourth inbred generation but no great decrease thereafter. 
While families 1, 5, and 6 show erratic changes in fertility from 
generation to generation there was no significant decrease in 
fertility as the inbreeding increased. With the exception of 
family 2 the average percentage fertility was not below 75 
percent for any of the generations in the six families studied. 
THE EFFECT OF INBREEDING ON HATCHABILITY IN 
FAMILIES 1 TO 6 
The statistics for hatchability for each family were shown 
in figs. 16 to 21 in relation to the pedigree and inbreeding coeffi-
cient, but the data shown therein are based only upon those 
birds shown in the pedigree. A more detailed analysis of 
hatchability based upon all breeding females used in each of 
these families is presented in fig 23, which shows the average 
trend for hatchability with each increase in inbreeding, not 
only for the birds selected to be parents but also the average 
trend for hatchability of the selected parents plus their sibs, 
together with the range in hatchability observed for each 
family. The figures show the number of birds upon which the 
mean is b[!,sed. 
From a study of fig. 23 it will be seen immediately that the 
highest hatching birds were not always selected as breeders. 
As previously stated, birds were selected for vigOJ; and because 
they came from large families as well as for high hatchability. 
It also should be pointed out that not all of the sibs of the se-
lected birds were used as breeders, although in most cases the 
birds used constituted a fair sample. 
It will be observed, in general, that the hatchability of the 
selected birds in all families was higher than that of their sibs. 
Also, the hatchability for the selected birds in each family was 
maintained at a fairly high level, averaging with few excep-
tions above 75 percent. In no family did the hatchability of 
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the selected birds drop below 62 percent and it was possible by 
constant selection to maintain high hatchability in each of these 
families as the inbreeding increased. 
It is interesting to observe, however, that a constant selection 
for high hatchability in all six families failed to increase the 
average hatchability for all sibs. This may be partly ex-
plained by the fact that the hatchability in this strain was high 
before selection was begun and any marked progress in raising 
average hatchability would not be expected. On the other 
hand, there was no significant decrease in average hatchability 
for any of the families as the intensity of the inbreeding in-
creased, this being in marked contrast to most of the inbreeding 
results so far reported for the fowl. 
There was considerable variation in the hatchability range 
of all sibs for nearly all the families studied. It is extremely 
unlikely, however, that this variability was entirely genetic. 
Environmental differences during the incubation period may 
occur from year to year as well as from month to month which 
may decrease hatchability. 
The statistics for these six families demonstrate the pORsi-
bility of maintaining a reasonably high average hatchability 
even under the most intensive type of inbreeding. Further-
more, the results suggest that it may be possible to fix this char-
acter in strains of the fowl by a system of judicious inbreeding 
combined with careful selection. Because of the great eco-
nomic importance of this character it is highly desirable to de-
vise some system of breeding that will give assurance of rea-
sonably high hatchability. Therefore, such a system combined 
with a subsequent use of crossbreeding may prove a very use-
ful tool for the improvement of average hatchability in our 
flocks as well as for improving the performance of flocks in 
other respects. Before such a program is adopted generally, 
however, more experimental work must be done to test it at 
every step. The adequate testing of such a program would ap-
pear to be one of the greatest needs in poultry breeding at the 
present time and it is a program worth a cooperative attack 
by many institutions. 
THE EFFECT OF INBREEDING ON AGE AT FIRST EGG IN 
FAMILIES 1 TO 6 
Figure 24 presents the average trend for number of days to 
first egg for each increase in inbreeding for the chosen parents 
and the average trend for number of days to first egg for all 
sibs in each family, together with their range in distribution, 
for families 1 to 6. It should be emphasized that there was no 
conscious selection for early maturity throughout this investi-
gation. 
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Fig. 24. Trends showing a comparison of days to sexual maturity in 
six inbred families for those females chosen to be parents and for the chosen 
females plus their sibs. The observed range in days to flrst egg for all sibs 
is shown by dots and circles, and the flgures show the number of birds upon 
which the average was based. 
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In the most intensely inbred family, number 1, there was an 
erratic but slow decrease in days to first egg for the chosen 
parents as the intensity of inbreeding increased. The intense 
system of inbreeding practiced in this family seems to have 
had little effect on sexual maturity. Actually the average days 
to sexual maturity for the first 5 years is 20 days above the 
average for the last 5 years, though the genetic significance of 
this is doubtful because of the great influence of the environ-
ment on this character. There has also been a decrease in age 
at first egg for the chosen parents · plus their sibs in family 1 
as the inbreeding increased. 
In family 2, as in the more intensely inbred family 1, there 
was no marked change in days to first egg for the chosen 
parents, plus their sibs, as the inbreeding intensity increased. 
There was a slow decrease in days to first egg after the fifth 
year and a continued decrease until the eighth year for the 
chosen parents in family 2. By referring to the pedigree in 
fig. 17, however, it will be seen that this decrease was due to the 
results obtained from a single early maturing bird used in each 
of the three years. 
Family 3 showed no significant change in age at first egg 
for either group after the third inbred generation. It will be 
observed by referring to fig. 19 that the inbreeding coefficient 
in family 4 represents an average obtained from two different 
but highly related families which were later crossed; conse-
quently, there was little change in the inbreeding coefficient 
after the sixth inbred generation, but a slight decrease was 
observed in days to sexual maturity. 
There was little change in age at first egg in family 5 up to 
the fifth inbred generation. After the fifth generation an un-
related Leghorn male B438 was mated with female B3337, as 
shown in fig. 20. Following this top cross there was an im-
mediate drop in age at fiest egg for the first generation hybrids. 
The first inbred generation following this top cross resulted in 
an increase in age at first egg but this was followed by a de-
crease in the second inbred generation. 
Family 6 showed no significant change in age at first egg for 
either the chosen parents or for all the sibs throughout the en-
tire course of the experiment. 
A comparison of the six families studied, then, fails to demon-
strate that intense inbreeding necessarily increases the number 
of days to first egg, although this effect has been observed in 
some inbreeding experiments. It will be noticed that consid-
erable variation in the age at sexual maturity occurred in all 
six of the families studied. The more intensely inbred birds 
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in family 1, however, showed less variability for the last 4 
years than did the birds of the other five famili.es. 
It is extremely difficult to obtain an absolute genetic meas-
urement of sexual maturity since the environment has a pro-
nounced influence on sexual maturity. It is probable that 
because of the homozygosity produced as a result of the in-
breeding the influence of the environment has become rela-
tively more important as a cause of variability in the inbred 
birds than the genetic influence. In order to determine the 
relative importance of heredity and environment, however, 
highly inbred families will be indispensable not only for a study 
of sexual maturity but for a genetic analysis of many of the 
other characters of great economic importance. 
THE EFFECT OF INBREEDING ON EGG PRODUCTION IN 
FAMILIES 1 TO 6 
The effect of inbreeding on the first 200 days' egg produc-
tion is shown for families 1 to 6 in fig. 25. Because of the high 
mortality occurring during the first laying year, and because 
of the fact that some females were discarded in the 'early phases 
of the experiment before their first laying year was completed, 
it seemed desirable to consider the number of eggs laid for the 
first 200-day interval rather than the total year's production. 
The total year's production and January to March egg produc-
tion, however, had been considered and the statistics for these 
periods, for the chosen parents only, are shown in figs. 16 to 21 
for the six families considered. 
The average trend is shown in fig. 25 for the first 200 days' 
production for each increase in inbreeding for both the chosen 
parents and for all sibs, together with the range in distribution 
for families 1 to 6. 
It is immediately clear that there was no decrease in 200-day 
egg production for the chosen parents in any of the six families 
as the inbreeding intensity increased. There was a decrease 
in the trend for 200-day egg production for all sibs in family 1 
after the fifth inbred generation. There was, also, a sli.ght de-
crease for all sibs in family 4 as the inbreeding increased. In 
families 2, 3, 5, and 6, however, there was no marked decrease 
in 200-day egg' production as the inbreeding increased. 
]'amily 1 showed remarkably little variation in 200-day egg 
production from the very start of the investigation. True, the 
number of individuals in each family whose records for this 
character are available is few but they do give, nevertheless, 
some indication of the progeny for each inbred generation. A 
somewhat greater variability was observed in 200-day egg pro-
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Fig. 25. The effect of inbreeding on 200-day egg production in six inbred 
families of the fowl. The trend of egg production as inbreeding increased is 
shown for both those females chosen to be parents a nd the average trend 
for all sibs. The observed range in production for all sibs is shown by the 
dots and circles, and the figures show the number of birds upon which the 
average was based. 
duction for the less intensely inbred birds in the other five fami-
lies but as the inbreeding increased the variability for this char-
acter apparently decreased. Figs. 16 to 21 show there was no 
significant change in the January to March, or in the annual 
egg production for the parents of the six families as the in-
breeding increased. 
It would appear from these results that there was no marked 
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decrease in egg production for the SIX inbred families as a re-
sult of the inbreeding. 
THE EFFECT OF INBREEDING ON EGG WEIGHT IN 
FAMILIES 1 TO 6 
In figs. 16 to 21 statistics for egg weight in relation to the 
pedigree and inbreeding coefficient are given for a few birds 
in families 1 to 6. These statistics are based upon only those 
birds shown in the pedigree, however. A more detailed analy-
sis of egg weight for these families is presented in fig. 26, 
which gives the average trend with each increase in inbreed-
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ing, not only for the birds selected to be parents but also the 
average trend for egg weight of the selected parents plus their 
sibs, together with the range observed for each family. The 
figures show the number of birds upon which the means were 
based. 
While all families showed changes in egg weight as the in-
breeding increased there was no significant trend towards either 
large or small egg weight in these six families for either the 
chosen parents·or for all sibs. 
There was but little variation in egg weight for any of the 
six families studied. As previously stated, there was no selec-
tion for egg weight throughout the experiment. It might be 
expected, nevertheless, that if the original foundation birds 
were heterozygous for major genes affecting egg weight a 
greater divergence in egg weight would have occurred between 
some of the lines than was actually observed. 
DISCUSSION 
The results of inbreeding the fowl that have been presented 
clearly demonstrate that close inbreeding may be practiced in 
the domestic fowl, providing careful and rigid selection for cer-
tain characters is maintained at all times, particularly for high 
hatchability. While in contrast with most of the inbreeding 
results so far reported for the fowl, this experiment does bring 
the problem of inbreeding in this species more into line with 
the results that have been obtained for several other species 
of animals. It is obvious that there has been a decline in some 
characteristics that denote vitality as a result of inbreeding, 
but, as indicated by the high coefficients of inbreeding, the 
birds in most of the families should be homozygous for so many 
of their genes that no further large decrease in vitality is to be 
expected from further inbreeding. For most characteristics 
they have retained to a remarkable degree the excellent quali-
ties possessed by the foundation birds. 
The data from the several families do not indicate that more 
favorable results were obtained from the less intensive as con-
trasted with the more intensive type of inbreeding-one of the 
questions which the experiment was designed to answer. This 
is not surprising, however, in view of the high relationship of 
all birds to one of the foundation sires, number 823. Had the 
breeding program been directed less toward a concentration of 
the heredity of one individual more information on this point 
no doubt would have been obtained. 
One point of especial interest has been the freedom of defects 
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and abnormalities of all types in the inbred families. Aside 
from one embryonic lethal [Upp and Waters (27) 1 no definite 
evidence of other defective genes in these families has been ob-
tained. This is somewhat surprising in view of the large num-
ber of plumage and morphological defects of various kinds 
that have been observed in the fowl. It does show, however, 
that some individuals carry relatively few of the genetic defects 
observed in this species. 
In spite of the high inter-se relationship between the various 
families certain of them become rather clearly differentiated in 
some respects, such as in body conformation and type of comb. 
A tendency toward the development of a salmon or light red 
coloration in the breast plumage of the females of certain fami-
lies likewise was observed. Any fixation of color genes is, of 
course, masked by the inhibitor gene (I). 
It is hoped that the favorab le results obtained from the close 
inbreeding practiced in these families will encourage other in-
vestigators to undertake the development of good inbreds. If 
the problem of the utilization of inbreds for poultry improve-
ment is to be tested adequately it is likely that a good many 
different inbred lines must be developed and intercrossed be-
fore superior combinations are found. It is hardly to be ex-
pected that the greatest hybrid vigor would result from in1er-
crosses between the six families reported here since they are 
so highly inter-related. Several other less intensely but quite 
distinctly inbred families have been developed at this station in 
the course of a study of the inheritance of disease rel';istance in 
the fowl, and various crosses between these lines and the inbred 
families here reported are now being made. 
The present study suggests a practical application of the 
principle of inbreeding. The poultry breeder is often in a quan-
dary to know how much inbreeding may be practiced without 
decreasing the efficiency of his flock. In general, the advanced 
breeder desires to confine his breeding program to his own 
flock, thus reducing the dangers involved when unrelated birds 
are introduced. Inbreeding tends to increase uniformity within 
the flock, not only for type and general conformation but for 
all other characters, both good and bad. The inbreeding pro-
vides a mechanism by which the good results of right crosses 
and the bad results of wrong choices in selection are much more 
apt to be retained in the flock and fixed permanently on it than 
if no inbreeding accompanied the selection; therefore, the 
breeder who is inbreeding must be exceptionally cautious in his 
choice of birds for breeding if he is to avoid the fixation of un-
desirable characteristics in his flock. 
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Plate 1. 
Fig. 1. Male F106 and female F106 in family 1, hatched 1935. 
Fig. 2. Male F177 and female F177 in family 2, hatched 1935. 
Fig. 3. Male F96 and female F96 in family 3, hatched 1935. 
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Plate II. 
Fig. 1. Male FllO and female FllO In family 4, hatched 1935. 
Fig. 2. Male F226 and female F226 in family 5, hatched 1935. 
Fig. 3. Male F84 and female F84 in family 6, hatched 1935. 
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